ABSTRACT The metabolism of steroid hormones has been investigated in 10 workers exposed to lead and in 10 non-exposed subjects to determine whether lead interferes with the first or second phase reactions of steroid hormone biotransformation, or both. In the exposed workers blood lead concentrations (PbB) ranged from 45 to 69 ,ug/l00 ml; in the controls PbB was less than 254ug/100 ml. No statistical differences were found for the total amount of the urinary hormone metabolites, but a drop ofabout 50% was observed for the sulphated portion. It is suggested that lead interferes with the mechanisms of sulphoconjugation through an effect on the cytosol enzymes sulphotransferase and sulphokinase.
Of the reactions that take place during the second phase of biotransformation of endogenous and xenobiotic compounds, sulphation usually occurs after glucuronidation and it is particularly important for certain phenolic, alcoholic, and aminic compounds.1
The liver is the main site of sulphation through the mediation of cytosolic enzymes (sulphotransferase, sulphokinase) which require adenosine 3'-phosphate 5'-sulphatophosphate (PAPS) as cosubstrate:
R-OH + PAPS
R-O-SO3 + PAP
PAPS is synthesised from adenosine triphosphate and inorganic sulphate that is believed to be an easily exhaustible pool supplied from cysteine and its precursors. Compared with glucuronidation, sulphation seems to possess high affinity but low capacity for conjugation of its own peculiar substrates. Because of the different reaction kinetics of PAPS compared with uridine diphosphate glucoronyl transferase, with low concentration of substrate with a sufficiently great affinity for sulphation, this reaction prevails; glucuronidation rapidly takes over when the substrate increases beyond a certain concentration, or when sulphation becomes exhausted or inhibited. [2] [3] [4] [5] Among the endogenous chemicals which are conjugated, steroid hormones may be used as model compounds. It has been shown that some of these compounds, which mostly undergo glucuronidation, are sulphoconjugated to a greater degree, especially the 17-ketosteroids. "Free" hormones are practically absent.67
Moreover it has been shown that the sulphate groups of steroid hormones may be removed by microsomal sulphatase enzymes and in this way potentially active hormones may be regenerated.7 These mechanisms are believed to be ofimportance for transport to, and activity of, the hormones at their target sites, including the liver, the adrenal cortex, placenta, fetus, and reproductive tissue.67
This complex metabolic pathway seemed to be a useful one to use to investigate possible "in vivo" interferences of industrial substances on the mechanisms of biotransformation. Thus within the framework of a wider study about lead action on the adrenal cortex and pituitary hormones we have studied whether lead interferes with the metabolism of steroid hormones.
Subjects and methods
The 20 male workers examined (17 non-smokers, three ex-smokers) were subdivided into two groups.
Controls-ten unexposed workers with a blood lead concentration (PbB) of less than 25 pg/100 ml in the past four years.
Exposed-ten lead exposed workers with PbB in the past four years ranging from 45 to 65 yg/100 ml, Steroid hormone sulphation in lead workers employed in various manufactures (ceramics, batteries, non-ferrous alloys, foundries, pewter). For every subject, clinical examinations and laboratory tests were used to exclude serious diseases. None had taken drugs during the two weeks before the study.
A sample ofvenous blood was drawn in the morning and a 24 hour urine sample was collected on the day before the blood sampling.
The following tests were carried out.
(1) Haemoglobin and cell counts, liver and kidney function tests, and lipidic, glucidic, and protidic metabolism tests using a Greiner autoanalyser.
(2) Lead in blood (PbB, ig/I00 ml) and lead in urine (PbU, ug/l) both determined with a direct method in ETA-AAS graphite furnace, L'Vov platform, using a Varian 1475 GTA 95 spectrophotometer. (4) Urinary steroids measured by a gas chromatographic technique with a packed column using the method of Ros and Sommerville8 modified as follows: (a) The 24 hour sample of acidified urine was subdivided into two: to one was added SHP helics pomatia juice enzyme from IBF, capable of hydrolysing both the glucoronated and sulphated compounds; the other was treated with an enzyme with only a glucoronidasic action (Ketodase beef liver Bglucuronidase from General Diagnostic) thus obtaining the glucuronated hormones only. (b) The hydrolysed steroids were extracted with diethylether at pH 5-2, washed with a pH 12 6 solution, concentrated in nitrogen flow, and finally extracted with N 0 bis-(trimethyl silyl) trifluoracetamide (BSTFA). (c) The analysis was carried out using a gas chromatograph Perkin Elmer 300 equipped with a packed column OV 101 3% in gas chrom 2, 100/120 mesh, internal diameter of 2 mm, carrier nitrogen at a flow rate of 30 ml/min, FID detector, with the following temperature programme: injector temperature 280°C, initial column temperature 200°C, and final 280°C with increment of 1-5°C/min, detector temperature 300°C. (d) The identification of GC peaks was performed using mixtures ofstandard hormones from SIGMA. A characteristic chromatogram of the urinary steroid metabolites is shown in fig 1, identifying the principal gas chromatographic peaks. The evaluation of the results has been restricted to the metabolites with the best gas chromatographic resolution, measurable in all 20 subjects in concentrations higher than 0 1 mg/24 h.
The following compounds have been considered: The urinary concentrations of many steroids were decreased in the exposed subjects but the decrease was never statistically significant. The concentrations of two metabolites (cortolone and B-cortolone) were higher in the exposed than the control subjects.
In the controls, the percentage of sulphated metabolites showed remarkable variation within and between the chemical groups: as a whole (fig 2) (tables 2-4). This decrease is more evident than some pathways such as that of the 17 ketosteroids (fig 2) particularly for metabolites such as cortolone.
The correlations between the concentration of sulphated metabolites and PbB were significant only for androsterone (r = -052, p = 0'018) and for 11-OH etiocholanolone (r = -059, p = 0 07). The correlation between sulphation and ZPP was significant only for androsterone (r = -045, p = 0.046).
Discussion
The number of subjects was small (partly because of the complexity ofthe tests) and there was considerable inter and intra individual variation in the concentrations of the hormones studied. Subjects who had been '4 Inhibitors of mitochondrial function such as rotenone inhibit sulphation and glucuronidation in hepatocytes by a depletion of ATP. Other endogenous sulphation inhibitors have been found in the intestine of newborn rats and in human erythrocytes. 5 In workers exposed to lead the metal probably interacts with cytosolic enzymes-sulphotransferase and sulphokinase-shunting the non-conjugated metabolites towards glucuronidation.
Lead may also interfere with sulphydrilic groups of the cysteine involved in the generation of the inorganic 
